Use of abandoned mines by Corynorhinus mexicanus and C. townsendii is documented for a sample of 25 mines in Guanaceví, Durango, Mexico, during 1 year. Presence-absence of bats was recorded, and significance of associations between bat presence and environmental and structural characteristics of mines was tested. Bats occupied 15 of 25 mines examined. Males and females were observed in low numbers, and scattered throughout mine workings. Mines were used as hibernation roosts in winter, and as day roosts and temporary night roosts during the rest of the year. A maternity colony of endemic C. mexicanus was observed in 1 mine. Temperature and adit length were significantly associated with bat occupancy. Bats were more commonly found in mines that were at least 50 m long, had temperatures ,108C in winter, and temperatures .168C the rest of the year. Mines might be providing an alternative refuge for these species in heavily deforested habitats.
The genus Corynorhinus (sensu Bogdanowicz et al. 1998; Hoofer and Van Den Bussche 2001) includes 3 species of bats of North American distribution. Two species occur in Mexico: C. townsendii, distributed from southwestern Canada to Oaxaca; and C. mexicanus, from Sonora to Yucatán (Tumilson 1991) . In the United States 4 subspecies of C. townsendii are considered endangered or taxa of concern (Burford and Lacki 1998; Fellers and Pierson 2002; Ramsey 1995) . This status has prompted a number of studies on roosting habits, habitat use, and foraging behavior Burford and Lacki 1995; Clark et al. 1993 Clark et al. , 2002 Fellers and Pierson 2002; Lacki et al. 1994; Sample and Withmore 1993; Sherwin et al. 2000a Sherwin et al. , 2000b Sherwin et al. , 2003 , which have contributed to current knowledge of the species and form the foundation of current management.
In contrast, little is known about populations of C. townsendii in Mexico, and much less about C. mexicanus. Neither species is included in Norma Oficial Mexicana NOM-059-ECOL-2001 (Secretaría de Medio Ambiente y Recursos Naturales, SEMARNAT 2001), which assigns conservation status and provides guidelines for protection in Mexico. Conservation status applied to these species, however, is more likely to be the result of a lack of information as there have been no basic studies on the ecology of either species in Mexico. Similarly, few studies of abandoned mine use by bats are known for Mexico, even though mining has been one of the key economic activities in some regions since before the European colonization, and despite the fact that mines constitute critical habitats for some species (Pierson 1998; Sherwin et al 2003) . The objective of this paper is to describe selection and use of abandoned mines by C. mexicanus and C. townsendii throughout an annual cycle in the Guanaceví mining region.
MATERIALS AND METHODS
Study area.-The Guanaceví mining region is located in the northern portion of the state of Durango, bordering the state of Chihuahua (258569N, 1058579W), and on the eastern versant of the Sierra Madre Occidental, Mexico. The topography is rugged, with elevation in the study area ranging from 1,900 to 2,600 m above sea level. Annual average temperature is 128C, with extremes between À128 and 338C. Annual rainfall is 500-800 mm. Three main vegetation associations are distinguishable: pine-oak (Pinus engelmanii, P. teocote, P. cooperi, Quercus arizonica, Q. crassifolia, and Q. chihuahuensis) forests in higher, more humid portions of the area (above 2,300 m); pinyonjuniper-gatuño (Pinus cembroides-Juniperus deppeana-Mimosa disocarpa) below 2,300 m; and riparian vegetation (Stevia amblyolepis, Baccharis salicifolia, Populus tremuloides, and Salix as dominant species) along the Sestín and Guanaceví river margins.
The Guanaceví mining district is one of the largest and historically most important mining areas in the state of Durango. Gold, silver, copper, and lead have been extracted at least since the 1st Spanish immigrants arrived in the area. Currently, Guanaceví has .130 mines, most of which were abandoned by 1993 (Consejo de Recursos Minerales 1993). Anthropogenic effects have significantly modified the landscape. This region has been heavily deforested and uncontrolled cattle grazing is allowed. Waste rock from mining activities and mine tailings cover considerable areas. These disturbances have allowed gatuño (Mimosa disocarpa) to dominate the native habitat. Additionally, chemical waste from mining pollutes the watershed and local rivers.
Sampling protocol.-Twenty-five mines (Appendix I) were sampled 4 times (once each season) in 1 year between 0900 and 1700 h for 5 consecutive days. Mines were selected provided they had accessible adits (horizontal entrances and tunnels). Surveys were conducted in May, July, and October 2001 and January 2002. The maximum distance between mines surveyed was 26 km, although 24 of the 25 mines were no more than 6 km apart. If sign (e.g., guano, presence of an animal) of bats was found, number of bats, species, placement in the mine, and status of activity (i.e., hibernating, flying, resting) was recorded if possible. During each sampling period, temperature (8C) and relative humidity (%) were measured at the middle portion of the adit with a thermometer-hygrometer (S. Brannan and Sons Ltd., Cleator Moor, Cumbria, United Kingdom). On the first sampling period we recorded for each mine GPS position at entrance, height and width of mine entrance (m), vegetation surrounding entrance, number of openings, number of adits (if forks were present), length of adits (m), and presence or absence of air currents (as detected when in the adit). Additionally, information on age of the mine and time since abandonment was estimated. Time since abandonment was scored as ''0'' for mines with evidence of human disturbance in at least 1 season. Mist-netting was conducted at the portal in mines (n ¼ 10) that showed evidence of bat presence (guano, insect wings, or bats themselves). Nets were set at the mine portal at sunset for approximately 5 h. Time when a bat was captured and the direction (entering or exiting the mine) the bat flew was recorded. A few bats were collected as voucher specimens (deposited at Colección Regional Durango, CIIDIR Unidad Durango, Mexico), and the rest were released.
Statistical analysis.-Records of C. townsendii were few (n ¼ 14) and upon preliminary examination appeared to be distributed among mines in a way similar to C. mexicanus (n ¼ 54); therefore analyses were carried out at the generic level. Using chi-squared contingency tests (Sokal and Rohlf, 1982) we tested hypotheses on the relationship (or independence) of a set of variables with bat occupancy (as presence-absence). Data gathered during the day (25 mines) and night (10 mines) were analyzed separately. The attributes considered were temperature (8C), relative humidity (%), number of adits, length of longest adit (m), presence-absence of air flow in the adit, number of openings, area of openings (m 2 ), and time since abandonment (years). Vegetation was similar for all mines sampled and was not considered in contingency tests. Statistical analyses were performed using the PROC FREQ in SAS (SAS Institute Inc. 1995); level of significance to reject null hypotheses was 0.05.
RESULTS
Bats of the genus Corynorhinus were recorded in 15 of 25 mines (Table 1 ). Both C. mexicanus and C. townsendii occurred sympatrically, often simultaneously (syntopically), although C. townsendii was recorded less frequently. With the exception of mines 4, 5, and 6, which are located at the edge of pine-oak forests, all other mines sampled were associated with pinion-juniper-gatuño vegetation (Table 1) . Abandoned mines were used as hibernation roosts in winter and no active bats were observed during this period. During the rest of the year mines acted as day roosts, or as temporary roosts for feeding or resting during the night. Most bats captured at night were entering the mine, and remains of moth and beetle wings were found scattered along the adit in most occupied mines. Bats were found within the first 50 m of adits, with the exception of mine 6, in which hibernating individuals were found as far as 100 m from the portal. During the mist-netting in summer (26 July), we counted 216 C. mexicanus exiting mine 25 between 2105 and 2210 h. No more bats were observed after 2210 h. A sample of 17 specimens that included subadults and adults and both males and females was collected. This evidence suggests the existence of a maternity colony in this mine, although we were not able to see it in our survey of adits of mine 25. Bats likely roosted in the deep shafts of mine 25 or in adjacent mine 24. Mines were used by bats of both sexes and both species with no apparent pattern of segregation. Most specimens observed or collected were adults (Table 1) . Bats were found roosting or hibernating by themselves, separated from the next bat !5 m; no clusters were observed at any time. Individuals attached to both the ceiling and walls of mines in plain sight, or sometimes in depressions of rock. Pregnant females were observed only in May, lactating individuals were observed only in July, and males had well developed scrotal testes in spring, summer, and autumn, but not in winter.
For any given sample, we found a difference 68C between temperature readings for spring, summer, and autumn ( Fig. 1) , even though temperature readings were taken between 0900 and 1700 h and sequence of recording varied from season to season. In contrast, temperature dropped drastically in winter for most mines (Fig. 1) , which apparently determines the suitability of mines as hibernacula. Bats were found in winter in mines with temperatures between 58C and 108C (Fig. 1) . The relationship between winter temperature and presence of hibernating bats was highly significant (v 2 ¼ 9.98, P ¼ 0.002). For the rest of the year, in only 1 instance (mine 6) were bats found to occupy mines with an average temperature ,158C (Fig. 1) . Average temperature of mines in the warm season (spring-summer-autumn) was not significantly associated with presence of bats during the day (v 2 ¼ 0.69, P ¼ 0.4); but it was correlated with bat occupation during the night (v 2 ¼ 7.02, P ¼ 0.008). Relative humidity was strongly influenced by the rainy season (summer) and by partial flooding resulting from earlier mining activities. No significant association with presence of bats was found for day (v 2 ¼ 0.99, P ¼ 0.61) or night (v 2 ¼ 5.16, P ¼ 0.08) sampling. Adits had not been mined at least for 8 years, and mine 11 has been inactive for as long as 82 years. However, in 15 mines we found evidence of recent human presence during 1 of the 4 times we sampled during the year. Remains of fires, food wrappers, and shoes were the most common evidences of human occupation. We found no significant relationship between presence of humans and presence of bats. Although most hibernating bats were found in places easily reachable by humans, no signs of vandalism were found, even in mine 11, which had 2 entrances and is used regularly as a route of passage by humans.
After we completed our surveys, we learned that mines 24 and 25 were of special concern. They are actually 2 openings of 1 mine; connecting adits and shafts were several hundred meters long. The lower portion (mine 24) is cold (average temperature of 148C for spring-summer-autumn; average temperature of 108C in winter), but the upper part is warm (average 16.68C; average winter temperature of 168C), which allows C. mexicanus to use it both as hibernation and maternity roost. Mine 6, the oldest in the region, is also worth considering as a wintering refuge. The highest number of hibernating bats of both species was recorded in this complex system of adits and shafts.
Of structural characteristics examined, presence of bats was significantly associated only with length of adit (day, v 2 ¼ 9.06, P ¼ 0. 
DISCUSSION
Previously, C. mexicanus had been reported from a single locality in Durango, in the southeastern portion of the state from habitat similar to that of Guanaceví (Muñiz-Martínez and Polaco 1996) . C. townsendii had been recorded only from the northeastern portion of Durango at the border with Coahuila (Tumilson 1991), and from southeastern Durango, in sympatry with C. mexicanus (Muñiz-Martínez and Polaco 1996) . The Guanaceví records extend the species range in Durango 300 km to the north for both species, and 250 km to the west for C. townsendii. Muñiz-Martínez and Polaco (1996) have suggested that due to different ecological requirements these bats rarely occur in sympatry. The Durango records indicate that their roosting requirements might be more similar than originally thought. Myotis auriculus, M. californicus, M. ciliolabrum, M. velifer, M. volans, and Eptesicus fuscus were also collected in the mines that we sampled. Association of Corynorhinus, particularly of C. townsendii, to pinion-juniper has been related to foraging habits (Fellers and Pierson 2002; Ports and Bradley 1996; Sherwin et al. 2000b) . Reproductive status of C. mexicanus in Guanaceví in 1 year indicates that timing of reproductive cycle is similar to that of C. townsendii in more northern regions (Kunz and Martin 1982; Lacki et al. 1994) , and is consistent with the scattered observations available for C. mexicanus (León-Galván et al. 1999; López-Wilchis 1989; Tumilson 1991).
Although we do not have detailed data on temperature variation in the mines we examined, the scattered data points available suggest little oscillation in temperature in the warmer months of the year (May-October). In contrast, external temperatures may vary between 38C and 358C in a 24-h cycle in summer, and between -78C and 278C in autumn and spring. Throughout the year temperature drops drastically after sunset, with frosts occurring between September and June. Presence of Corynorhinus in a given mine during the night could be related to the mine's buffering capacity against external temperature oscillations. López-Wilchis (1989) reported a preference for thermally stable roosts in C. mexicanus from Tlaxcala. Sherwin et al. (2000b) showed that clustering behavior of C. townsendii alters the roost thermal environment significantly. Although our measurements were made only during visits to the mine, future sampling will attempt to document thermal profiles. Moreover, we did not observe clustering behavior but bats roosting individually and regularly spaced from other bats. Perhaps mines are consistently warm enough not to warrant clustering behavior.
No individuals of Corynorhinus were found hibernating in winter in mines with temperatures .108C. López-Wilchis (1989) reported a roost of torpid C. mexicanus in Tlaxcala, Central Mexico with a temperature range of 9-128C. For temperatures above this, bats did not enter torpor. A remarkable difference between the Tlaxcala population and our observations in Guanaceví is that in Tlaxcala bats were found in torpor throughout the year if the temperature went below 128C. In Guanaceví bats only went torpid in winter, and avoided cold mines during the warmer months of the year. López-Wilchis (1989) suggested existence of a differential tolerance in microclimate between C. mexicanus and C. townsendii, with the former being more restricted. Data available for Guanaceví do not allow testing for this hypothesis.
Of structural characteristics examined, only length of adit and area of the portal were significantly associated with presence of bats. Results regarding number of openings are contradictory: for day data, bats prefer mines with small openings ( 6 m 2 ), whereas night roosts were found more commonly in mines with large openings (.6 m 2 ). We could not resolve this conflict because of small sample size. Sherwin et al. (2000b) , surveyed a larger sample of mines and determined that C. townsendii occurred more frequently in mines and caves with little or no human disturbance (except maternity colonies), and with single openings of less than 1.5 m in height. In western Oklahoma and Kansas in the United States, C. townsendii more often occupies sites with strong to moderate airflow (Humphrey and Kunz 1976) .
Previous research done on Corynorhinus indicates that they are susceptible to human disturbance (Clark et al. 1996) at least in part. Sherwin et al. (2000b) reported that C. townsendii selects sites with little human disturbance for bachelor and hibernation roosts, but maternity colonies can be established in caves that experience human activity. In Guanaceví, human presence seems not to disturb bats although we documented significant human activity in many of the adits. Residents of the area largely seemed to ignore bats.
Only 1 of the mines examined was gated (to keep mining hardware from being stolen). However, this gate is not appropriate for the free transit of bats. Local residents acknowledge that abandoned mines are dangerous, but there is no active program to close them or gate them. This is due in part to the fact that most are considered potential sites for renewed mining. Still, some mines are abandoned, and in many, adits and shafts are flooded or collapsed, which poses a safety concern for the human population. Installing batfriendly gates (Dalton and Dalton 1995) would allow bats to keep using mines in a manner that is compatible with the needs of bats and humans alike.
In summary, mines in Guanaceví are a resource for Corynorhinus. They are used as hibernation roosts, and as day and temporary roosts. At least in 1 instance they house a maternity colony for C. mexicanus. Temperature and length of the adits were significantly associated with the presence of bats. Bats were more commonly found in adits that are at least 50 m long and have temperatures 108C in winter and !168 the rest of the year. The genus Corynorhinus is known to roost in tree hollows, apparently preferring large-diameter hollow trees, but prefers cavernicolous structures (Fellers and Pierson 2002; Gellman and Zielinski 1996; Sherwin et al. 2000b ). Guanaceví has been heavily deforested in the last 30 years, and currently no old-growth forests remain; therefore, mines might be providing sole roosting habitat for both species. As such, conservation goals should be oriented to the installation of gates in those mines with characteristics that favor the presence of these species, for protection of both chiropteran and human populations. Further research should focus on setting specific monitoring programs not only for bats, but also for wildlife in general, in order to determine the magnitude of pollution and impact of past mining activities.
RESUMEN
Se documenta la presencia de Corynorhinus mexicanus y C. townsendii en una muestra de 25 minas abandonadas en la región Minera de Guanaceví, Durango, México, durante un ciclo anual. Se registró presencia-ausencia de murciélagos y se evaluó la relación entre la presencia de éstos y algunas características ambientales y estructurales de las minas. Se encontraron murciélagos en 15 de 25 minas examinadas, siempre en baja abundancia; hembras y machos se encontraron dispersos en los túneles, solitarios. Las minas son usadas como hibernáculos en invierno y como refugios temporales durante el día y la noche el resto del año. En una de las minas se detectó una colonia de maternidad. Los murciélagos fueron significativamente més comunes en túneles .50 m de largo, con temperaturas ,108C en invierno y .168C el resto del año. Los resultados sugieren que las minas proporcionan un refugio alternativo en hábitats fuertemente deforestados.
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